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Title: SECRETED AND 
TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS ENCODING THE SAME 



The Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 



I, David Botstein and Margaret Roy declare as follows: 

1 . I am one of the six named inventors of the claimed subject matter of U.S. 
Patent Application Serial No. 09/943,664 ("the '664 application). 

2. I was employed by Genentech, Inc., South San Francisco, CA 94080 
when I invented the invention encompassed by the claims of the '896 application. 

3. I understand the Examiner of the "664 application has cited Holtzman et 
ai, U.S. Patent Publication No. 20020028505, Holtzman et ai, WO 99/54343, and 
Botstein et ai, WO 99/35170 against the '664 application, alleging that these 
references anticipate, under 35 U.S.C. § 102, the invention claimed in the '664 
application. 

4. I did not play a role in the sequencing or cloning of DNA44176 but did 
gene amplification or tissue expression work using DNA44176. 

5. To the best of my knowledge, I agree that the statements of my co- 
inventors, relating to the sequencing and cloning of DNA44176, are true and correct. 

6. I declare that all statements made of my own knowledge are true and that 
all statements made on information and belief are believed to be true, and further that 




Examiner: 



Group Art Unit: 1646 



Eileen B. O'Hara 



DECLARATION PURSUANT TO 37 CFR 1.131 



these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the above applications or any patenj^fanibd therein. 




David pptstein, Ph.D. 
Date 
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DECLARATION PURSUANT TO 37 CFR 1.131 



I, David Botstein and Margaret Roy declare as follows: 

1 . I am one of the six named inventors of the claimed subject matter of U.S. 
Patent Application Serial No. 09/943,664 ("the "664 application). 

2. I was employed by Genentech, Inc., South San Francisco, CA 94080 
when I invented the invention encompassed by the claims of the '896 application. 

3. I understand the Examiner of the '664 application has cited Holtzman et 
al., U.S. Patent Publication No. 20020028505, Holtzman et al., WO 99/54343, and 
Botstein et al., WO 99/35170 against the '664 application, alleging that these 
references anticipate, under 35 U.S.C. § 102, the invention claimed in the '664 
application. 

4. I did not play a role in the sequencing or cloning of DNA44176 but did 
gene amplification or tissue expression work using DNA44176. 

5. To the best of my knowledge, I agree that the statements of my co- 
inventors, relating to the sequencing and cloning of DNA44176, are true and correct. 

6. I declare that all statements made of my own knowledge are true and that 
all statements made on information and belief are believed to be true, and further that 



these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the above applications or any patent granted therein. 



David Botstein, Ph.D. 



Date 
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I, Audrey Goddard, declare as follows: 

1 . I am Senior Scientist at the Diagnostics, Development Sciences Department of 
Genentech, Inc., South San Francisco, CA 94080. 



2. I am one of the six named inventors of the claimed subject matter of U.S. Patent 
Application Serial No. 09/943,664 ("the '664 application"). 

3. Prior to April 23, 1998, the effective filing date of U.S. Patent Application 
Publication No. US20020028508 (U.S. Application Serial No. 09/065,661), I conceived 
and reduced to practice in the United States the nucleic and amino acid sequences 
encoding PR0347, as demonstrated by their disclosure in U.S. Provisional Application 
Serial No. 60/069,702 ("the 702 application"), filed 12/10/97. The nucleic acid 
sequence encoding PR0347 is identified as DNA44176 and is shown in Figure 1 of the 
702 application. This sequence corresponds to SEQ ID NO:49 in the '664 application. 



The amino acid sequence encoding PR0347 is shown in Figure 3 of the 702 
application, which corresponds with SEQ ID NO:50 in the '664 application. 

4. The attached sequence listing is a true and correct copy of the amino acid 
sequence of PR0347, as set forth in the 702 application. 

5. Upon isolating and sequencing DNA44176, which encodes the PR0347 
polypeptide, I appreciated that the invention of DNA44176 included variant sequences, 
such as allelic variant sequences, variant sequences that arise due to the degeneracy 
of the genetic code, and variant sequences that arise naturally or synthetically due to 
additions, deletions or substitutions of nucleic acids. 

6. For example, in the 702 application we defined "native sequence PR0347 

polypeptide" at page 4 as specifically encompassing: 

naturally-occurring truncated or secreted forms of a PR0347 polypeptide (e.g., 
an extracellular domain sequence), naturally-occurring variant forms (e.g., 
alternatively spliced forms) and naturally-occurring allelic variants of a PR0347 
polypeptide. 

7. Also, in the 702 application, we noted, at page 7: 

In addition to the full-length native sequence PR0347 polypeptide described 
herein, it is contemplated that PR0347 variants can be prepared. PR0347 
variants can be prepared by introducing appropriate nucleotide changes into the 
PR0347-encoding DNA, or by synthesis of the desired PR0347 polypeptide. 

8. As one of skill in the art, I appreciated at the time DNA44176 was sequenced, 
that variations could be made using methods known in the art such as oligonucleotide- 
mediated (site-directed) mutagenesis, alanine scanning, and PCR mutagenesis. 
Techniques for achieving sequence variation using site-directed mutagenesis are 
described in Carter era/., Nucleic Acids Res., 13:4431 (1985) (attached hereto as 
Exhibit A) and Zoller et al., Nucleic Acids Res., 1 0:6487 (1 982) (attached hereto as 
Exhibit B). Techniques for achieving sequence variation using cassette mutagenesis 
are described in Wells et al., Gene 34:315 (1985) (attached hereto as Exhibit C). 
These techniques were described in the 702 application at page 8. 
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9. Prior to July 15, 1999, the filing date of WO 99/35170, 1 conceived and reduced 
to practice in the United States the nucleic and amino acid sequences encoding 
PR0347, as demonstrated by their disclosure in U.S. Provisional Application Serial No. 
60/1 13,296 ("the '296 application"), filed 12/22/98. The nucleic acid sequence encoding 
PR0347 is identified as DNA44176 and is shown in Figure 13 (SEQ ID NO: 13) of the 
'296 application. This sequence corresponds to SEQ ID NO:49 in the '664 application. 
The amino acid sequence encoding PR0347 is shown in Figure 14 (SEQ ID NO: 14) of 
the '296 application, which corresponds with SEQ ID NO:50 in the '664 application. 

10. The attached sequence listing is a true and correct copy of the amino acid 
sequence of PR0347, as set forth in SEQ ID NO: 14 (Figure 14) of the '296 
application. 

11. I declare that all statements made of my own knowledge are true and that all 
statements made on information and belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the above applications or any patent granted therein. 
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I, Paul Godowski, declare as follows: 

1 . lama Staff Scientist in the Department of Immunology of Genentech, Inc., 
South San Francisco, CA 94080.. 

2. I am one of the six named inventors of the claimed subject matter of U.S. Patent 
Application Serial No. 09/943,664 ("the '664 application"). 



3. Prior to April 23, 1998, the effective filing date of U.S. Patent Application 
Publication No. US20020028508 (U.S. Application Serial No. 09/065,661), I conceived 
and reduced to practice in the United States the nucleic and amino acid sequences 
encoding PR0347 as demonstrated by their disclosure in U.S. Provisional Application 
Serial No. 60/069,702 ("the 702 application"), filed 12/10/97. The nucleic acid 
sequence encoding PR0347 is identified as DNA44176 and is shown in Figure 1 of the 
702 application. This sequence corresponds to SEQ ID NO:49 in the '664 application. 



The amino acid sequence encoding PR0347 is shown in Figure 3 of the 702 
application, which corresponds with SEQ ID NO:50 in the '664 application. 

4. The attached sequence listing is a true and correct copy of the amino acid 
sequence of PR0347, as set forth in the 702 application. 

5. Upon isolating and sequencing DNA44176, which encodes the PR0347 
polypeptide, I appreciated that the invention of DNA44176 included variant sequences, 
such as allelic variant sequences, variant sequences that arise due to the degeneracy 
of the genetic code, and variant sequences that arise naturally or synthetically due to 
additions, deletions or substitutions of nucleic acids. 

6. For example, in the 702 application we defined "native sequence PR0347 

polypeptide" at page 4 as specifically encompassing: 

naturally-occurring truncated or secreted forms of a PR0347 polypeptide {e.g., 
an extracellular domain sequence), naturally-occurring variant forms {e.g., 
alternatively spliced forms) and naturally-occurring allelic variants of a PR0347 
polypeptide. 

7. Also, in the 702 application, we noted, at page 7: 

In addition to the full-length native sequence PR0347 polypeptide described 
herein, it is contemplated that PR0347 variants can be prepared. PR0347 
variants can be prepared by introducing appropriate nucleotide changes into the 
PR0347-encoding DNA, or by synthesis of the desired PR0347 polypeptide. 

8. As one of skill in the art, I appreciated at the time DNA44176 was sequenced, 
that variations could be made using methods known in the art such as oligonucleotide- 
mediated (site-directed) mutagenesis, alanine scanning, and PCR mutagenesis. 
Techniques for achieving sequence variation using site-directed mutagenesis are 
described in Carter etal., Nucleic Acids Res., 13:4431 (1985) (attached hereto as 
Exhibit A) and Zoller et al., Nucleic Acids Res., 10:6487 (1982) (attached hereto as 
Exhibit B). Techniques for achieving sequence variation using cassette mutagenesis 
are described in Wells etal., Gene 34:315 (1985) (attached hereto as Exhibit C). 
These techniques were described in the 702 application at page 8. 
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9. Prior to July 15, 1999, the filing date of WO 99/35170, 1 conceived and reduced 
to practice in the United States the nucleic and amino acid sequences encoding 
PR0347, as demonstrated by their disclosure in U.S. Provisional Application Serial No. 
60/1 13,296 ("the '296 application"), filed 12/22/98. The nucleic acid sequence encoding 
PR0347 is identified as DNA44176 and is shown in Figure 13 (SEQ ID NO:13) of the 
'296 application. This sequence corresponds to SEQ ID NO:49 in the '664 application. 
The amino acid sequence encoding PR0347 is shown in Figure 14 (SEQ ID NO:14) of 
the '296 application, which corresponds with SEQ ID NO:50 in the '664 application. 

1 0. The attached sequence listing is a true and correct copy of the amino acid 
sequence of PR0347, as set forth in SEQ ID NO: 14 (Figure 14) of the '296 
application. 

11. I declare that all statements made of my own knowledge are true and that all 
statements made on information and belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the above applications or any patent granted therein. 



Pauruodowski, Ph.D. 



Date 
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I, Austin Gurney, declare as follows: 

1 . I am one of the six named inventors of the claimed subject matter of U.S. Patent 
Application Serial No. 09/943,664 ("the '664 application"). 

2. I was employed by Genentech, Inc., South San Francisco, CA 94080 when I 
invented the invention encompassed by the claims of the '896 application. 

3. Prior to April 23, 1998, the effective filing date of U.S. Patent Application 
Publication No. US20020028508 (U.S. Application Serial No. 09/065,661), I conceived 
and reduced to practice in the United States the nucleic and amino acid sequences 
encoding PR0347, as demonstrated by their disclosure in U.S. Provisional Application 
Serial No. 60/069,702 ("the 702 application"), filed 12/10/97. The nucleic acid 
sequence encoding PR0347 is identified as DNA44176 and is shown in Figure 1 of the 
702 application. This sequence corresponds to SEQ ID NO:49 in the '664 application. 
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The amino acid sequence encoding PR0347 is shown in Figure 3 of the 702 
application, which corresponds with SEQ ID NO:50 in the '664 application. 

4. The attached sequence listing is a true and correct copy of the amino acid 
sequence of PR0347, as set forth in the 702 application. 

5. Upon isolating and sequencing DNA44176, which encodes the PR0347 
polypeptide, I appreciated that the invention of DNA44176 included variant sequences, 
such as allelic variant sequences, variant sequences that arise due to the degeneracy 
of the genetic code, and variant sequences that arise naturally or synthetically due to 
additions, deletions or substitutions of nucleic acids. 

6. For example, in the 702 application we defined "native sequence PR0347 

polypeptide" at page 4 as specifically encompassing: 

naturally-occurring truncated or secreted forms of a PR0347 polypeptide (e.g., 
an extracellular domain sequence), naturally-occurring variant forms (e.g., 
alternatively spliced forms) and naturally-occurring allelic variants of a PR0347 
polypeptide. 

7. Also, in the 702 application, we noted, at page 7: 

In addition to the full-length native sequence PR0347 polypeptide described 
herein, it is contemplated that PR0347 variants can be prepared. PR0347 
variants can be prepared by introducing appropriate nucleotide changes into the 
PR0347-encoding DNA, or by synthesis of the desired PR0347 polypeptide. 

8. As one of skill in the art, I appreciated at the time DNA44176 was sequenced, 
that variations could be made using methods known in the art such as oligonucleotide- 
mediated (site-directed) mutagenesis, alanine scanning, and PCR mutagenesis. 
Techniques for achieving sequence variation using site-directed mutagenesis are 
described in Carter et a/., Nucleic Acids Res., 13:4431 (1985) (attached hereto as 
Exhibit A) and Zoller et al., Nucleic Acids Res., 10:6487 (1982) (attached hereto as 
Exhibit B). Techniques for achieving sequence variation using cassette mutagenesis 
are described in Wells et al., Gene 34:315 (1985) (attached hereto as Exhibit C). 
These techniques were described in the 702 application at page 8. 
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9. Prior to July 15, 1999, the filing date of WO 99/35170, I conceived and reduced 
to practice in the United States the nucleic and amino acid sequences encoding 
PR0347, as demonstrated by their disclosure in U.S. Provisional Application Serial No. 
60/113,296 ("the '296 application"), filed 12/22/98. The nucleic acid sequence encoding 
PR0347 is identified as DNA44176 and is shown in Figure 13 (SEQ ID NO:13) of the 
'296 application. This sequence corresponds to SEQ ID NO:49 in the '664 application. 
The amino acid sequence encoding PR0347 is shown in Figure 14 (SEQ ID NO:14) of 
the '296 application, which corresponds with SEQ ID NO:50 in the '664 application. 

10. The attached sequence listing is a true and correct copy of the amino acid 
sequence of PR0347, as set forth in SEQ ID NO: 14 (Figure 14) of the '296 
application. 

11. I declare that all statements made of my own knowledge are true and that all 
statements made on information and belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the above applications or any patent granted therein. 
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I, William Wood, declare as follows: 

1 . I am Director and Staff Scientist at the Bioinformatics Department of Genentech, 
Inc., South San Francisco, CA 94080. 



2. I am one of the six named inventors of the claimed subject matter of U.S. Patent 
Application Serial No. 09/943,664 ("the '664 application"). 

3. Prior to April 23, 1 998, the effective filing date of U.S. Patent Application 
Publication No. US20020028508 (U.S. Application Serial No. 09/065,661), I conceived 
and reduced to practice in the United States the nucleic and amino acid sequences 
encoding PR0347 as demonstrated by their disclosure in U.S. Provisional Application 
Serial No. 60/069,702 ("the 702 application"), filed 12/10/97. The nucleic acid 
sequence encoding PR0347 is identified as DNA44176 and is shown in Figure 1 of the 
'702 application. This sequence corresponds to SEQ ID NO:49 in the '664 application. 



The amino acid sequence encoding PR0347 is shown in Figure 3 of the 702 
application, which corresponds with SEQ ID NO:50 in the '664 application. 

4. The attached sequence listing is a true and correct copy of the amino acid 
sequence of PR0347, as set forth in the 702 application. 

5. Upon isolating and sequencing DNA44176, which encodes the PR0347 
polypeptide, I appreciated that the invention of DNA44176 included variant sequences, 
such as allelic variant sequences, variant sequences that arise due to the degeneracy 
of the genetic code, and variant sequences that arise naturally or synthetically due to 
additions, deletions or substitutions of nucleic acids. 

6. For example, in the 702 application we defined "native sequence PR0347 

polypeptide" at page 4 as specifically encompassing: 

naturally-occurring truncated or secreted forms of a PR0347 polypeptide {e.g., 
an extracellular domain sequence), naturally-occurring variant forms {e.g., 
alternatively spliced forms) and naturally-occurring allelic variants of a PR0347 
polypeptide. 

7. Also, in the 702 application, we noted, at page 7: 

In addition to the full-length native sequence PR0347 polypeptide described 
herein, it is contemplated that PR0347 variants can be prepared. PR0347 
variants can be prepared by introducing appropriate nucleotide changes into the 
PR0347-encoding DNA, or by synthesis of the desired PR0347 polypeptide. 

8. As one of skill in the art, I appreciated at the time DNA441 76 was sequenced, 
that variations could be made using methods known in the art such as oligonucleotide- 
mediated (site-directed) mutagenesis, alanine scanning, and PCR mutagenesis. 
Techniques for achieving sequence variation using site-directed mutagenesis are 
described in Carter etal., Nucleic Acids Res., 13:4431 (1985) (attached hereto as 
Exhibit A) and Zoller etal., Nucleic Acids Res., 10:6487 (1982) (attached hereto as 
Exhibit B). Techniques for achieving sequence variation using cassette mutagenesis 
are described in Wells etal., Gene 34:315 (1985) (attached hereto as Exhibit C). 
These techniques were described in the 702 application at page 8. 
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9. Prior to July 15, 1999, the filing date of WO 99/35170, 1 conceived and reduced 
to practice in the United States the nucleic and amino acid sequences encoding 
PR0347, as demonstrated by their disclosure in U.S. Provisional Application Serial No. 
60/1 13,296 ("the '296 application"), filed 12/22/98. The nucleic acid sequence encoding 
PR0347 is identified as DNA44176 and is shown in Figure 13 (SEQ ID NO:13) of the 
'296 application. This sequence corresponds to SEQ ID NO:49 in the '664 application. 
The amino acid sequence encoding PR0347 is shown in Figure 14 (SEQ ID NO:14) of 
the '296 application, which corresponds with SEQ ID NO:50 in the '664 application. 

10. The attached sequence listing is a true and correct copy of the amino acid 
sequence of PR0347, as set forth in SEQ ID NO: 14 (Figure 14) of the '296 
application. 

11. I declare that all statements made of my own knowledge are true and that all 
statements made on information and belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the above applications or any patent granted therein. 
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Advances in Brief 

Identification of Differentially Expressed Genes in Esophageal 
Squamous Cell Carcinoma (ESCC) by cDNA Expression 
Array: Overexpression of Fra-1, Neogenin, Id-1, and 
CDC25B Genes in ESCC 1 



Ying Chuan Hu, King Yin Lam, Simon Law, 
John Wong, and Gopesh Srivastava 2 

Departments of Pathology [Y. C. H., K. Y. L., G. S.] and Surgery 
[S. L., J. W.], Faculty of Medicine, The University of Hong Kong; 
Hong Kong 

Abstract 

Purpose: This study aims to identify differentially ex- 
pressed genes in esophageal squamous cell carcinoma 
(ESCC) through the use of a membrane-based cDNA array. 

Experimental Design: Two newly established human 
ESCC cell lines (HKESC-1 and HKESC-2) and one corre- 
sponding to a morphologically normal, esophageal epithe- 
lium tissue specimen, prospectively collected from the 
HKESC-2-related patient, were screened in parallel using a 
cDNA expression array containing gene-specific fragments 
for 588 human genes spotted onto nylon membranes. 

Results: The results of cDNA expression array showed 
that 53 genes were up-regulated 2-fold or higher and 8 genes 
were down-regulated 2-fold or higher in both ESCC cell 
lines at the mRNA level. Semiquantitative RT-PCR analysis 
of a subset of these differentially expressed genes gave re- 
sults consistent with cDNA array findings. Four of the dif- 
ferentially expressed genes that belong to the categories of 
oncogenes/tumor suppressor genes {Fra-1 and Neogenin) 
and cell cycle-related genes {Id-1 and CDC25B) were studied 
more extensively for their protein expression by immuno- 
histochemistry. The two ESCC cell lines and their corre- 
sponding primary tissues, 61 primary ESCC resected spec- 
imens and 16 matching, morphologically normal, esophageal 
epithelium tissues were analyzed. The immunostaining re- 
sults showed that Fra-1 f Neogenin, Id-1, and CDC25B were 
overexpressed in both ESCC cell lines and their correspond- 
ing primary tumors at the protein level, validating the mi- 
croarray findings. The results of the clinical specimens 
showed that the Fra-1 gene was overexpressed in ESCC 
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1 Presented in part at the 91st Annual Meeting of the American Asso- 
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compared with normal esophageal epithelium in 53 of 61 
cases (87%), Neogenin in 57 of 61 cases (93%), Id-1 in 57 of 
61 cases (93%), and CDC25B in 48 of 61 cases (79%). 
Furthermore, the expression of Fra-1, Neogenin, and Id-1 in 
ESCC correlated with tumor differentiation. 

Conclusions: Overall, this study demonstrates that mul- 
tiple genes are differentially expressed in ESCC and pro- 
vides the first evidence that oncogenes Fra-1 and Neogenin 
and cell cycle-related genes Id-1 and CDC25B are overex- 
pressed in ESCC. 

Introduction 

Esophageal carcinoma is the ninth most common human 
cancer in the world and the second most common cancer in 
China (1). In Hong Kong, ESCC 3 accounts for -90% of esoph- 
ageal malignant tumors and is the sixth most common cause of 
cancer death (2). Despite advances in multimodality therapy, the 
overall 5-year survival rates for ESCCs still remain poor (3). 
The development of new treatment modalities, diagnostic tech- 
nologies, and preventive approaches will require a better under- 
standing of the molecular mechanisms underlying esophageal 
carcinogenesis. Although recent reports have documented alter- 
ations of a few oncogenes and tumor suppressor genes in ESCC, 
the molecular and genetic basis of esophageal carcinogenesis 
still remains largely unknown (4, 5). 

With the emerging technology of cDNA array hybridiza- 
tion, it is now possible to screen for alterations in the expression 
of many genes simultaneously (6-8). Because the development 
and progression of cancer are accompanied by complex changes 
in patterns of gene expression (9, 10), the cDNA array technol- 
ogy provides a very useful tool for studying these complex 
processes (6). In this study, we used cDNA expression array 
hybridization to examine the expression of 588 genes in two 
newly established ESCC cell lines (HKESC-1 and HKESC-2) 
and one corresponding, morphologically normal, esophageal 
epithelium tissue specimen collected prospectively from the 
HKESC-2-related patient. By comparing gene expression levels 
between normal esophageal epithelium and the ESCC cell lines, 
we were able to identify the differentially expressed transcripts 
in ESCC. Subsequent semiquantitative RT-PCR analyses vali- 



3 The abbreviations used are: ESCC, esophageal squamous cell carci- 
noma; Fra-1, fos-related antigen 1; CDC25B, cell division cycle 25B; 
Id-1, inhibitor of differentiation 1 (inhibitor of DNA binding 1); IH, 
immunohistochemistry; GAPDH, glyceraldehyde-3-phosphate dehydro- 
genase; RT-PCR, reverse transcription-PCR; FPR1, formyl peptide re- 
ceptor 1; RANTES, regulated on activation, normal T expressed, and 
secreted; AP-1, activator protein- 1; CDK, cyclin-dependent kinase; 
DAB, 3,3'-diaminobenzidine. 
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dated the cDN A array results. Expression of the protein products 
of four of these differentially expressed genes that belong to the 
categories of oncogenes/tumor suppressor genes (Fra-1 and 
Neogenin) and cell cycle-related genes (Id- J and CDC25B) was 
further evaluated by IH in a large series of ESCC tumor spec- 
imens. 

Materials and Methods 

Cell Culture and Tissue Specimen. Two human ESCC 
cell lines, HKESC-1 and HKESC-2, have been established 
recently in our laboratory. HKESC-1 has been reported previ- 
ously (11). Both cell lines were from Hong Kong Chinese 
patients with moderately differentiated ESCC; HKESC-1 was 
from a 47-year-old man, whereas HKESC-2 was from a 46- 
year-old woman. The squamous epithelial nature of HKESC-2 
was confirmed by both electron microscopy (presence of tono- 
filaments and desmosomes) and immunohistochemical staining 
(positive for cytokeratins; data not shown). Both cell lines grew 
as adherent monolayers (11). HKESC-2 was maintained in the 
same conditions as HKESC-1 (11). Cells were harvested from 
passage 31 of HKESC-1 and passage 4 of HKESC-2 at 80-90% 
confluency, respectively. 

One morphologically normal, esophageal epithelium tissue 
specimen, collected prospectively from the HKESC-2-related 
patient, was used as a control for the array experiment. For 
obtaining high-purity normal esophageal epithelium tissue spec- 
imen, the morphologically normal esophageal epithelium at 
least 5 cm away from the tumor margin was carefully dissected 
out from other tissues of the freshly resected esophagectomy 
specimen from the HKESC-2-related patient and evaluated mi- 
croscopically. Unfortunately, the collected normal esophageal 
epithelium tissue from the HKESC-1 -related patient could not 
be used as a control because the specimen was too small and 
only a small amount of RNA could be extracted from it. 

cDNA Arrays, Probes, Hybridization, and Data Analy- 
sis. Atlas Human cDNA Expression Array membranes used in 
this study were purchased from Clontech (Palo Alto, CA). The 
membrane contained 10 ng of each gene-specific cDNA from 
588 known genes and 9 housekeeping gene fragments (Fig. 1). 
Several plasmid and bacteriophage DNAs and blank spots are 
also included as negative and blank controls to confirm hybrid- 
ization specificity. 4 

Total RNA was extracted using the Trizol reagent protocol 
(Life Technologies, Inc., Gaithersburg, MD) from the two 
ESCC cell lines (HKESC-1 and HKESC-2) and one correspond- 
ing, morphologically normal esophageal epithelium collected 
prospectively from the HKESC-2-related patient. mRNA was 
then isolated from the total RNA using the Straight A's mRNA 
Isolation System (Novagen, Madison, WI). The 32 P-labeled 
cDNA probes were generated by reverse transcription of 1 fxg of 
mRNA of each sample in the presence of [ot- 32 P]dATP. Equal 
amounts of cDNA probes (3 X 10 6 cpm/pJ) from the ESCC cell 



lines and normal esophageal epithelium were then hybridized to 
separate Atlas Human cDNA array membranes for 24 h at 42°C 
and washed according to the supplier's instructions. The array 
membranes were then exposed to X-ray film at — 70°C for 2-5 
days. Autoradiographic intensity was analyzed using Atlaslm- 
age analysis software (version 1.01; Clontech). The signal in- 
tensities were normalized by comparing the expression of 
housekeeping genes GAPDH (G12) and HLA-C (G14): 



Intensity ratio = 



Adjusted intensity on array 
- HKESC-1 or HKESC - 2 
Adjusted intensity on array - normal 



X Normalization coefficient 



Adjusted intensity = Intensity - Background 
Normalization coefficient 

(Adjusted intensity GAPDH on array - normal \ 
Adjusted intensity GAPDH on array 
- HKESC-1 or HKESC-2 / 



(Adjusted intensity HLA - Con array - normal\ 
Adjusted intensity HLA — Con array 
-HKESC-1 or HKESC-2 / 



- 2 



4 A complete list of the 588 genes with array positions and GenBank 
accession numbers of the Atlas Human Expression Array used here can 
also be accessed through the web site http://www.clontech.com/clon- 
tech/APR97UPD/Atlaslist.html. 



Genes were considered to be up-regulated when the intensity 
ratio between expression in the ESCC cell lines compared with 
normal esophageal epithelium was 2-fold or greater. Genes were 
labeled as down-regulated when the ratio between normal and 
ESCC cell lines was 2-fold or higher. 

RT-PCR. cDNA was generated using 1 jig of total RNA 
from the two ESCC cell lines (HKESC-1 and HKESC-2) and 
one corresponding, morphologically normal, esophageal epithe- 
lium collected prospectively from the HKESC-2-related patient 
as template and 2.5 mM Oligo d(T) 16 primers in a 20-p,I reaction 
mixture, and the reverse transcription was carried out at 42°C 
for 1 h, followed by 95°C for 10 min using the GeneAmp RNA 
PCR Core kit (Perkin-Elmer, Branchburg, NJ). Two jjlI of 
cDNA were amplified in a 25-u.l PCR reaction mixture contain- 
ing IX PCR buffer, 1.9 or 2.4 or 2.9 mM MgCl 2 , 0.5 p,M 
primers, 0.18 mM deoxynucleotides triphosphates, 1 unit of 
AmpliTaq Gold DNA polymerase with hot-start PCR as fol- 
lows: 95°C for 10 min, followed by 25-35 cycles of 1 min 
denaturation at 94°C, 1 min annealing at 60°C (for primers of 
cyclin Dl, Id-1, CDC25B, FPRI, RANTES, and GAPDH) or 
62 °C (for primers of Fra-1) or 65°C (for primers of Neogenin), 
1 min extension at 72°C. Finally, PCR products were fully 
extended by incubating at 72°C for 10 min. The PCR reagents 
were purchased from Perkin-Elmer. 

The sequences of gene specific primers for RT-PCR were 
the same as those of cDNA array (data not shown because of the 
copyright agreement by Clontech, Palo Alto, CA), except for the 
primers specific for Fra-1, which were the same as described 
before (12). All of the primers were synthesized by Integrated 
DNA Technologies, Inc. (Coralville, IA), The cycle number was 
optimized for each gene-specific primer pair to ensure that 
amplification was in the linear range and the results were 
semiquantitative. Twelve (jl! of PCR product were visualized by 
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F/g. / A-C, gene expression profiles of two human ESCC cell lines 
HKESC-1 (A) and HICESC-2 (B) and one morphologically normal 
esophageal epithelium (Q from the HKESC-2-reIated patient using the 
Atlas Human cDNA Expression Array. Some of the differentially ex- 
pressed genes are indicated: J, c-myc (Ala); 2, Fra-1 (A4f); 3, Neogenin 



electrophoresis on a 2% agarose gel stained with ethidium 
bromide and quantitated by densitometry using a dual-intensity 
transilluminator equipped with Gelworks ID Intermediate soft- 
ware (version 2.51). 

Collection of Tissues and Clinicopathological Data. 
The tissues were obtained from 61 (50 men and 11 women) 
patients with ESCC resected between 1996 and 1998 in Queen 
Mary Hospital, The University of Hong Kong. The patients' 
ages ranged from 41 to 83 years, with a mean age of 65 years. 
The specimens were dissected and examined in the fresh state. 
Representative tissue specimens from tumors and matching nor- 
mal esophageal epithelium tissues were snap-frozen in liquid 
nitrogen and stored at -80°C. Other representative blocks were 
taken and processed in paraffin for histological examination. 
The carcinomas were found in the upper (n = 10; 16%), middle 
(n = 35; 57%), and lower (n ~ 16; 26%) third of the esophagus. 
The median length of the tumors was 5.5 cm (range, 1-11). The 
histology of the carcinomas was reviewed according to the 
criteria described previously (13). The ESCC tumors were well 
differentiated in 20 (33%) cases, moderately differentiated in 29 
(48%), and poorly differentiated in 12 (20%). The carcinomas 
were staged according to the Tumor-Node-Metastasis classifi- 
cation (14). Many tumors were stage III (n = 35, 57%) or II 
(n - 23, 38%); of the remainder, one was stage I and two were 
stage IV. 

Immunohistochemistry. Expression of Fra-1, Neoge- 
nin, Id- J, and CDC25B was investigated by the streptavidin- 
biotin-peroxidase complex method. Briefly, 6-^m frozen sec- 
tions were cut from two pellets harvested from cultured cell 
lines HKESC-1 and HKESC-2, the cell lines' corresponding 
primary tissues, 61 primary ESCC tumors, and 16 matching, 
morphologically normal, esophageal epithelium specimens. Af- 
ter endogenous peroxidase activity was quenched and nonspe- 
cific binding was blocked, polyclonal rabbit anti-Fra-1, goat 
anti-Neogenin, rabbit anti-Id- 1, and goat anti-CDC25B antibod- 
ies (Santa Cruz Biotechnology, Santa Cruz, CA) were incubated 
at 4°C overnight at a dilution of 1:100 for Fra-1, 1:40 for 
Neogenin and ld-1, and 1:30 for CDC25B, respectively. The 
secondary antibody was biotinylated swine anti-rabbit (for 
Fra-1 and Id-1) or rabbit anti-goat (for Neogenin and CDC25B) 
antibody (DAKO, Glostrup, Denmark) used at a dilution of 
1 :200 for 30 min at 37°C. After washing, sections were incu- 
bated with StreptABComplex/horseradish peroxidase (DAKO; 
1:100 dilution) for 30 min at 37°C. Negative controls were 
performed by replacing the primary antibody by normal serum. 



(A4n); 4. ld-1 (A5e); and 5, CDC25B {Mm). D, schematic diagram of 
Atlas Human cDNA Expression Array. The array contains 588 human 
genes spotted in duplicate and divided into six functional categories 
(Quadrants A-F). Three blank (Gl, G8, and G15) and nine negative 
(G2-4, G9-1 1, and G 16-1 8) controls are included to confirm hybrid- 
ization specificity. Nine housekeeping genes (G5-7, G 1 2- 1 4, and G 1 9- 
21) are also included in the array for normalizing mRNA abundance. 
Genomic DNA spots (dark dots) serve as orientation marks to facilitate 
in the determination of the coordinates of hybridization signals. A 
complete gene list with array coordinates and GenBank accession num- 
bers is available at world wide web site http://www.clontech.com/ 
clontech/APR97 UPD/Atlaslist.html. 
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Each section was independently assessed by two histopatholo- 
gists without prior knowledge of the patients' other data. Scor- 
ing was based on the percentage of positive cells. The staining 
was identified as: -, no expression; + , <10% of cells were 
stained; + + , 10-50% of cells stained; and + + + , >50% of cells 
stained. From ++ to + + + was defined as overexpression. 

Statistical Analysis. Comparisons between groups were 
performed using the x 2 test and t test when appropriate. P < 
0.05 was used to determine statistical significance. All statistical 
tests were performed with the GraphPad Prism software version 
3.0 (GraphPad Software, Inc., San Diego, CA). 

Results and Discussion 

In this study, we first used cDNA expression array hybrid- 
ization to identify genes that were differentially expressed in 
ESCC compared with normal esophageal epithelium. Two 
newly established ESCC cell lines in our laboratory were se- 
lected for cDNA array analysis to assure large quantities of 
high-purity tumor mRNA. The comparison of the autoradio- 
graphic intensities between ESCC cell lines and normal esoph- 
ageal epithelium showed that 65 and 59 genes were up-regulated 
2-fold or higher and 11 and 21 genes were down-regulated 
2-fold or more in HKESC-1 and HICESC-2, respectively. 
Among these differentially expressed genes, 53 genes were 
up-regulated and 8 genes were down-regulated in both cell lines 
(Fig. 1 and Table 1). No signals were visible in the three blank 
spots (Gl, G8, and G15) and nine negative control spots (G2-4, 
G9-11, and G16-18; Fig. 1), indicating that the cDNA array 
hybridization was highly specific. Among the 61 differentially 
expressed genes in both cell lines, 49 genes such as Fra-I, 
Neogenin, Id- 1, and CDC25B genes were identified as differ- 
entially expressed in ESCC for the first time; 12 other differ- 
entially expressed genes have been described to be overex- 
pressed in ESCC previously. The genes overexpressed in both of 
the ESCC cell lines belong to the categories of oncogenes/tumor 
suppressor genes, cell cycle-related genes, genes for DNA syn- 
thesis, DNA binding genes, or apoptosis-related genes (Table 1), 
The 8 genes that were down-regulated in both ESCC cell lines 
comprised genes for signal transduction (guanine nucleotide 
regulatory protein NET1, protein kinase C-p //, c AMP -depend- 
ent protein kinase catalytic d-subunit and EPLG3), genes for 
signaling proteins (RANTES protein T-cell specific, Somatome- 
din A, and FPR1), and the gene for MAL protein. These findings 
demonstrated that multiple genes are differentially expressed in 
ESCC at mRNA level. 

To further validate the cDNA array approach, we per- 
formed semiquantitative RT-PCR to analyze the expression 
levels of 8 genes, cyclin DI, Fra-1, Neogenin, Id-1, CDC25B, 
FPR1, RANTES, and GAPDH. The results of RT-PCR analysis 
(Fig. 2) were consistent with the expression profiles obtained 
through cDNA array hybridization (Fig. 1). 

Genes that belong to the categories of oncogenes/tumor 
suppressor genes and cell cycle-related genes are often impli- 
cated in the pathogenesis of various cancers (4, 5, 15). Signif- 
icantly, a number of the differentially expressed genes identified 
by cDNA array hybridization in both ESCC cell lines belong to 
these categories. Four of these differentially expressed genes 
that were identified for the first time to be overexpressed in 



ESCC in this study, the oncogenes Fra-1 and Neogenin and the 
cell cycle related genes Id-1 and CDC25B, were selected for 
more detailed study for their protein expression in a large series 
of ESCC tumor specimens by IH. Moreover, these genes have 
been reported to be overexpressed in other tumor cell lines or 
primary tumors (16-24). The other consideration for selecting 
these particular genes for more extensive study was that the 
suitable antibodies of these genes were commercially available 
for the IH studies. The protein expression of these four genes 
was investigated in the two ESCC cell lines and their corre- 
sponding primary tissues, 61 primary ESCC tumors, and 16 
matching, morphologically normal, esophageal epithelium spec- 
imens. The results of immunostaining are summarized in Tables 
2 and 3 and are shown in Fig. 3. The protein products of Fra-1, 
Neogenin, Id-1, and CDC25B genes were found to be overex- 
pressed in both the ESCC cell lines and their corresponding 
primary tumors (Table 2), validating the cDNA array results. 

Fra-1 is one component of the AP-1 complex (25). The 
AP-1 components are considered to play key roles in signal 
transduction pathways involved in complex cellular growth, 
differentiation, and tumorigenesis (16). Previous studies indi- 
cated that increased AP-1 activity is a necessary event in the 
transformation of mouse epidermal cells (26, 27). Fra-1 over- 
expression has been found in kidney and thyroid cancer (16, 1 7). 
These observations suggest that Fra-1 overexpression might 
play an important role in malignant transformation of epithelial 
cells. In the present work, Fra-1 mRNA overexpression was 
detected in both ESCC cell lines by cDNA array analysis (Fig. 
1) and RT-PCR (Fig. IB). Also, the majority of ESCC tumors 
(53 of 61, 87%; Table 3; Fig. 3B) had enhanced expression of 
Fra-L Fra-1 protein expression was localized in the nuclei of 
ESCC tumor cells (Fig. 35). In contrast, morphologically nor- 
mal, esophageal epithelium tissues showed low expression of 
Fra-1. The expression of Fra-1 was often focal in morphologi- 
cally normal esophageal epithelium and always restricted to the 
basal cell layer (Fig. 3 A). The well or moderately differentiated 
ESCC showed more intense expression of Fra-I than poorly 
differentiated ones (P < 0.0001; Table 3). 

Neogenin encodes a 1461 -amino acid protein with 50% 
amino acid identity to DCC (deleted in colorectal cancer; Ref. 
1 8). It has been suggested to play an integral role in regulating 
differentiation and/or cell migration events within many embry- 
onic and adult tissues (28). Neogenin expression has been de- 
tected at low levels in many adult tissues but not including 
esophagus (18). Overexpression of Neogenin has been observed 
in a wide variety of human cancer cell lines from cancers of 
breast, pancreas, brain, cervix, colon, and rectum (18). How- 
ever, there is no information about the status of Neogenin 
expression in human primary cancers including esophageal can- 
cer. In the current study, our cDNA array (Fig. 1) and RT-PCR 
(Fig. IB) results showed that Neogenin mRNA was overex- 
pressed in both ESCC cell lines. Neogenin protein overexpres- 
sion was noted in 93% (57 of 61) of ESCCs (Table 3; Fig. 3D). 
The expression was localized in the cytoplasm of tumor cells 
(Fig. 3D). In contrast, the expression of Neogenin protein in 
morphologically normal esophageal epithelium was negative or 
negligible and was restricted to the highly proliferative basal 
cells (Fig. 3C). The well or moderately differentiated ESCC 
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Table I List of differentially expressed genes in the ESCC cell lines HKESC-1 and HKESC-2 when compared with one corresponding, 
morphologically normal, esophageal epithelium tissue specimen (N) from the HKESC-2-related patient using cDNA expression array 



Intensity Ratio 



Location 



Name of gene 



Genes up-regulated in both ESCC cell lines 
Oncogene/Tumor suppressor genes 



Ala 
A2b 
A3b 
A3i 
A3k 
A4b 
A4c 
A4f 
A4g 
A4h 
A4j 
A4k 
A4i 
A 4 m 
A4n 



c-myc 

IGFBP-2 

Snon 

rhoA (MDR protein) 
DCC 
APC 
BRCA2 
Fra-1 
Ezrin 
JUN-D 
PEPJ 
EB1 
C-CBL 
SmadI 
Neogenin 



Cell cycle-related genes 

A5e Id-1 

A5g P58/GTA1 

A6g Cyctin Dl 

A61 Cyclin Bl 

A6m Cyclin E 

A7b Cyclin G2 

A7d p35 

A71 C-l 

A7m CDC25B 
Apoptosis-associated genes 

Cli Adenosine A I receptor 

C41 Apopain 
Genes for DNA synthesis/repair/recombination proteins 

C6d XRCC1 

C61 DNA Topoisomerase 11 

C7n Dnase X 

Genes for DNA binding/transcription factors 

D 1 c CCA T-binding pro tern 

Did Id-3 

Die BTEB2 

Dig Id-2 

Dll TAX 

Din CNBP 

D2a CCAA T displacement protein 

D2c APRF 

D2d hSNF2b 

D2f TAXREB67 

D2i TCF5 

D3a hSNF2a 

D3b DBl 

D3c D-binding protein 

D3g PAX-8 

D3j P15 subunit 

D3k Guanine nucleotide-binding protein G-S 

D4c AP-2 

D4j NF-E1 

D5k PAX3 

D7k TAFII31 
Genes for signal proteins 

F5a NGF-2 

F5b MIP2a 

F5f IL-8 
Genes down-regulated in both ESCC cell lines 
Gene for iron channel/transport protein 

Bib MA L protein 

Genes for signal transduction 

B4g Guanine nucleotide regulatory protein NET1 

B5j Protein kinase c-p // 

B6b c AMP -dependent protein kinase a-subunit 

B6n EPLG3 
Genes for cell signaling proteins 

F 1 a Somatomedin A 

Flk FMLP-related receptor I 

F2j RANTES protein T-cell specific 



HKESC-I/N 



HKESC-2/N 



7 ^ 

Z.J 


j.U 


fx 0 

o.y 


o.u 


7.2 


6.0 


2.8 


3.9 


5 1 


i 
j 


2.6 


3.9 


30029/0 


42730/0 


i n a 


7 Q 


7 1 Qifi/n 

Z J 7JD/U 


i £ A "7 ^ /n 


35.4 


60.6 


3.6 


4.8 


7 f\ 

Z.O 


J.U 


2.7 


0 7 

Z.Z 


3.2 


J.U 


2.4 


i 7 

J.Z 


34 


1 7 

J. / 


4.0 


7 7 
Z.Z 


Z. 1 


7 1 

Z,J 


2 4 


1 7 
J.Z 


3.5 


1 7 
J.J 


2.4 


J. 1 


6.9 


7 7 
/.Z 


2 6 


7 A 
Z.O 


2 0 


7 ^ 
Z.J 


22 2 


< O 

j.y 


8^7 


1 1 7 
I J. / 


3.2 


9 Q 
Z.y 


14759/0 


777fl 1 /fi 
ZZZU 1/U 


5.1 


4.4 


0 Q 
y.y 


8.0 


6.5 


o.o 


7^4 


9.0 


9.8 


7 A. 
1 .0 


3^0 


4.4 


4.3 


2.1 


4.2 


4.5 


33987/0 


7 on i l ic\ 


42.2 




39440/0 


49383/0 


37478/0 


23080/0 


7.1 


4.2 


316.5 


225.0 


37796/0 


21621/0 


13.6 


7.2 


38725/0 


40864/0 


33.0 


49.2 


7.1 


4.9 


34506/0 


15924/0 


24.8 


10.6 


7.0 


4.8 


16.7 


4.6 


39223/0 


19827/0 


39239/0 


11638/0 


1/3.3 


0/11989 


0/28564 


1/23.7 


0/29588 


0/29588 


0/41060 


1/304 



0/22304 

0/19560 
0/29220 
0/36868 



1/2.5 

0/19560 
0/29220 
1/3.2 



2218 Differential Gene Expression in Esophageal Cancer 



Cyclin D1 



PCR cycle numbers 

20 25 30 35 40 (-) 




•358 bp 



Fra-1 



Neogenin 



ld-1 



CDC258 



FPR1 



RANTES 



GAPDH 





*497 bp 



•429 bp 



-350 bp 



Uh316bp 



-308 bp 



♦365 bp 



•269 bp 



Fig. 2 RT-PCR analysis of cyclin Dl, Fra-1, 
Neogenin, Id-J, CDC25B, FPR1, RANTES, and 
GAPDH genes in ESCC cell lines HKESC-1 and 
HK.ESC-2 and one corresponding, morphologi- 
cally normal epithelium (Norma!) from the 
HKESC-2-related patient. A, determination of op- 
timal number of PCR cycles for different gene- 
specific primer pairs. mRNA from HKESC-1 was 
used to determine the optimal number of PCR 
cycles for genes cyclin Dl, Fra-1, Neogenin, Id- 1, 
CDC25B, and GAPDH. mRNA from the normal 
esophageal epithelium was used to determine the 
optimal number of PCR cycles for genes FPR1 
and RANTES. B, expression of cyclin Dl (25 cy- 
cles), Fra-1 (32 cycles), Neogenin (30 cycles), 
ld-1 (25 cycles), CDC25B (28 cycles), FPR1 (35 
cycles), RANTES (28 cycles), and GAPDH (25 
cycles) genes in two ESCC cell lines HKESC-1 
and HKESC-2 and one corresponding, morpholog- 
ically normal esophageal epithelium {Norma!) 
from the HKESC-2-related patient. 
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a T, ESCC tumor; N, morphologically normal esophageal epithelium. 

b Expression: -, no expression; +, <10% cells positive; ++, >10% and <50% cells positive; + + +, >50% cells positive. + + to + + + was 
considered as overexpression. 



showed more intense expression of Neogenin than poorly dif- 
ferentiated ones (P = 0.0047; Table 3). 

Id-1 is a cell cycle-related gene that encodes a helix-loop- 
helix protein. Id-1 plays an important role not only in suppress- 
ing cellular differentiation but also in enhancing cellular prolif- 
eration (29, 30). Generally, Id-1 protein is highly expressed in 
growing cells, and its expression is down-regulated upon dif- 
ferentiation in many cell types. Although Id- 1 is expressed in a 
variety of fetal tissues and overexpressed in tumors from brain 
and lung (19), its expression in ESCC is unknown. In this study, 



we observed that Id-1 mRNA was overexpressed in both ESCC 
cell lines (Figs. 1 and IB). Also, Id-1 protein overexpression 
was frequent in human primary ESCC tumors (57 of 61, 93%; 
Table 3; Fig. 3F). The Id-1 protein was localized in the cyto- 
plasm of tumor cells (Fig. 3F). In contrast, the expression of 
Id-1 protein in morphologically normal esophageal epithelium 
was either negative or negligible and was restricted to the basal 
and parabasal cells (Fig. 3£). The well or moderately differen- 
tiated ESCC showed more intense expression of Id-! than 
poorly differentiated ones (P = 0.0156; Table 3). 
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Fig. 3 Photomicrographs of Fra-I, 
neogenin, Id- 1, and CDC25B ex- 
pression by IH in morphologically 
normal esophageal epithelium and 
ESCC. A, Fra-I IH in morphologi- 
cally normal esophageal epithelium 
showing that Fra-I expression was 
restricted to the basal cell layer (ar- 
row)', DAB X160. B, Fra-I IH in 
ESCC showing that the nuclei of 
tumor cells are strongly positive for 
Fra-I; DAB X 400. C, Neogenin IH 
in morphologically normal esopha- 
geal epithelium showing that Neoge- 
nin expression was restricted to the 
basal cell layer (arrow); DAB 
X330. D, Neogenin IH in ESCC 
showing Neogenin expression in the 
cytoplasm of tumor cells; DAB 
X500. E, Id- 1 IH in morphologi- 
cally normal esophageal epithelium 
showing Id- J expression was re- 
stricted to the basal (arrow) and 
parabasal (arrowhead) cell layers; 
DAB X330. F, Id-I IH in ESCC 
showing Id-1 expression in the cy- 
toplasm of tumor cells; DAB X500. 
G, CDC25B IH in morphologically 
normal esophageal epithelium show- 
ing lack of immunoreactivity; DAB X 
330. H, CDC25B IH in ESCC show- 
ing CDC25B expression in the nuclei 
of most tumor cells; DAB X500. 
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CDC25B is a cell cycle-related gene. Its product is a 
phosphatase that catalyzes the removal of inhibitory phosphate 
from the CDK family of proteins (31). CDC25B can dephos- 
phorylate threonine 14, tyrosine 15, or both on CDKs and 
activate cyclin/CDK complexes to stimulate cell proliferation 
(32). In vitro transforming experiments have demonstrated that 
CDC25B is also a potential oncogene (20). Overexpression of 



CDC25B has been found in cancers arising from breast (20), 
stomach (21), lung (22), and head and neck (23), and in non- 
Hodgkin's lymphoma (24). In this study, we demonstrated that 
the mRNA of CDC25B was highly expressed in both ESCC cell 
lines by cDNA array (Fig. 1) and RT-PCR (Fig. IB). Further- 
more, CDC25B was overexpressed in 79% (48 of 61) primary 
ESCC tumors by IH (Table 3; Fig. 3//). CDC25B protein 
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Table 3 Summary of IH staining results in clinical ESCC tumors a nd normal esophageal epithelium tissues 
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"Expression: -, no expression; +,< 10% cells positive; + +, > 10% and <50% cells positive; + + +,> 50% cells positive. ++to+ + + was 
considered as overexpression. 



expression was localized mainly in the nuclei of tumor cells 
(Fig. 3H). On the other hand, the expression of CDC25B in 
morphologically normal esophageal epithelium tissues was ei- 
ther negative or very weak (Fig. 3(7). In the case of CDC25B, 
there was no correlation between gene expression and ESCC 
differentiation (P = 0.5720; Table 3). 

In summary, all four of the genes selected for further study 
demonstrated a significantly higher incidence of overexpression 
in primary ESCCs than morphologically normal esophageal 
epithelium tissues (P < 0.0001; Table 3). Furthermore, three of 
them, Fra- J, Neogenin, and Id-1 were more highly expressed in 
tumors with greater differentiation. CDC25B did not demon- 
strate this correlation (Table 3). The expression of these genes 
did not correlate to age at presentation or gender of patients or 
tumor site, size, or stage. The differentiation of squamous cell 
carcinoma bears no relationship with the stage of the tumor (4). 
In this study, the expression of Fra- 1, Neogenin, and Id-1 was 
more often noted in the well/moderately differentiated squa- 
mous cell carcinoma. This is consistent with the theory that 
poorly differentiated squamous cell carcinoma arises at the early 
stage of carcinogenesis. In the later stages of tumor progression, 
the squamous cell carcinoma becomes more mature in appear- 
ance (well/moderately differentiated). 

Unfortunately, the complete follow-up data were available 
only for some of these patients. Nevertheless, all these patients 
died within 2 years of resection of the primary tumors. Also, the 
Fra-1, Neogenin, Id- 1, and CDC25B were highly expressed in 
squamous cell carcinomas. Thus, it is unlikely that the expres- 
sion of these genes acts as an independent prognostic factor in 
these tumors. 

Overall, our data demonstrate that multiple genes are dif- 
ferentially expressed in ESCC and show for the first time that 
oncogenes Fra-1 and Neogenin and cell cycle-related genes Id- 1 
and CDC25B are overexpressed in ESCC. Additional studies are 
required to determine the roles of these and other differentially 
expressed genes in the molecular pathogenesis of ESCC. 
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